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Soil structure changes 
under wheatbelt 
farming systems 
By T. C. Sroneman, 
Officer-in-Charge, 
Soil Research and Survey Branch 
A review of 14 years of Department 
of Agriculture research into the 
effects of wheatbelt fanning prac-
tices on soil structure reaches the 
general conclusion that cultivation 
and grazing practices influence soil 
structure, and that structure can be 
improved by soil amendments and 
pasture growth. 
Little data has been obtained to 
relate plant growth to improved 
soil structure, as measured. 
Soil structure is the term used to 
describe the extent to which primary 
soil particles (sand, silt, clay) are 
aggregated into compound particles, 
or crumbs. Soil aggregates or 
crumbs which do not readily col-
lapse on wetting are called "water 
stable aggregates". Organic matter 
and clay are the two main materials 
active in binding soil particles to-
gether to form aggregates. 
Frequent cultivation has a gener-
ally adverse effect on soil structure 
by shattering the crumbs if the soil 
is dry, or puddling the soil if con-
ditions are too wet. Soil organic 
matter is reduced by cultivation be-
cause breaking soil crumbs apart 
exposes otherwise protected organic 
matter to microbial attack. 
A soil with a good crumb struc-
ture allows water to soak in readily 
and move down through the root-
zone. Aeration is also good due to 
the relatively large spaces between 
the soil crumbs. Plant roots can 
ramify through the total soil volume 
and the soil is easily worked by 
farm implements. Soils with good 
structure are less prone to erosion 
by water and wind. 
This article records the results of 
soil structure studies carried out in 
the W.A. wheatbelt since 1958 by 
officers of the Soils Division. The 
investigations have been supported 
financially by the W.A. State Wheat 
Industry Research Committee. The 
investigations have taken place in 
three phases— 
• Soil structure survey 
• Effects of soil conditioners or 
amendments on soil structure 
and plant growth 
• Effects on soil structure of 
various rotations and stock 
grazing intensities. 
SOIL STRUCTURE SURVEY 
In 1958-60, samples of surface soil 
(0-8 cm) were collected from ad-
jacent virgin and farmed areas at 
six sites in the central wheatbelt of 
Western Australia. 
The sites had been farmed for 
periods varying from nine to 44 
years and none had carried a 
legume-based pasture. The results 
provided evidence of a decline in 
the physical condition of six com-
mon wheatbelt soils since develop-
ment for agriculture. 
Organic matter content, density 
and aggregation of the soil were 
adversely affected. More detailed 
results and discussion have been 
presented by Stoneman (1962, 
1965). 
SOIL CONDITIONERS AND 
AMENDMENTS 
Krilium 
To obtain evidence on the influence 
of soil structure on plant yields, a 
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trial was carried out at Merredin 
Research Station in 1959, using the 
synthetic soil conditioner Krilium 
("Loamaker"). This material cre-
ates a stable, well-structured soil 
without adding nutrients to the 
soil or altering its water holding 
capacity. 
The yield of wheat on the "im-
proved" soil structure treatment was 
increased by 25 per cent. More 
detailed results are given by Stone-
man (1962, 1965). 
Thus there was evidence that 
structural deterioration of wheatbelt 
soils could restrict wheat yields in 
some seasons. 
As synthetic soil conditioners 
such as Krilium are prohibitively 
expensive (cost of material about 
$750 per acre in 1960), attention 
was turned to the use of gypsum 
for improving soil structure and to 
studying the effects of improved 
pasture on soil structure. This latter 
aspect is discussed in a later section. 
Gypsum 
Gypsum has been used for many 
years to improve soil structure in 
other parts of the world. It is 
applied to dry land soils in South 
Australia and Victoria to improve 
soil structure (Sims and Rooney 
1965; Matheson 1967). 
The beneficial effect of gypsum 
on soil structure is due to the addi-
tion of calcium from the gypsum 
to the clay particles in the soil. This 
creates better conditions for soil 
aggregation. 
Field experiments using agricul-
tural gypsum as a soil amendment 
were started in 1966 and since then 
23 trials have been completed. Ex-
periments have been conducted at 
Dumbleyung, Minnivale, Yelbeni, 
Merredin, Narembeen, Ongerup, 
Mt. Kokeby, Lake Grace, South 
Kwobrup and Tambellup. Most 
trials have used gypsum at nil and 
5 tonnes per hectare, but a few have 
included rates from as low as 0.62 
tonnes to as high as 20 tonnes per 
hectare. 
Most of the trials were sown to 
wheat, a few were sown to pasture, 
and several were sown to pasture 
after one or two wheat crops. The 
soils all have a very hard setting 
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Table 1.—Effect of gypsum on emergence of barrel medic 
Barrel medic emergence counts 
Plants per 30 cm of dri l l row 
Gypsum applied at (tonnes/hectare) 
0 
8 0 
1-2 2-5 
14-3 15-2 
7-4 
1 4 0 
Each figure the mean of 30 counts 
LSD between treatment means p < 0 05 
surface, usually sandy loam in tex-
ture. 
Plant response 
Gypsum increased wheat yields in 
only three of the 23 trials. In two 
of these, gypsum was applied at 5 
tonnes per hectare and in the third 
at 10 tonnes per hectare. In the 
pasture trials, limited pasture cuts, 
burr counts of barrel medic and 
general observation indicated that 
gypsum did not increase pasture 
production. At some sites, in a few 
years, emergence of barrel medic 
appeared better on the gypsum 
plots but the only quantitative data 
was collected at Narembeen in 1968 
(Table 1). 
Soil changes 
In spite of the general lack of plant 
response to heavy gypsum applica-
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tions, repeated soil samplings have 
shown significant soil physical 
changes due to the application of 
gypsum. Improvements were re-
corded in terms of water stable 
aggregation, dispersion, modulus of 
rupture and soil penetrability. 
Tractor drivers often reported 
that cultivation was noticeably 
easier on gypsum-treated plots. 
Soil profile samplings to 90 cm 
depth on one trial five years after 
the application of gypsum indicated 
that salt content had been reduced 
to the full depth of sampling, par-
ticularly on the heavy rate of gyp-
sum treatment (see Fig. 1). The 
differences are not significant statis-
tically. These results nevertheless 
suggest increased entry and down-
ward movement of rainwater in the 
gypsum-treated soils. 
• Nil 
O 2 tonnes /hec ta re 
• 15 tonnes /hec tare 
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Fig. 1.—Soil salt contents five years after gypsum application 
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Improved water penetration followed application of gypsum at 5 tonnes per hectare to the plot on the right, compared with the 
untreated section on the left. 
From the overall results of the 
trials involving gypsum as a soil 
conditioner it is concluded that only 
on relatively rare occasions will the 
application of heavy rates of gyp-
sum result in significant yield in-
creases. 
Even when significant yield in-
creases were obtained (in the order 
of 80 to 330 kg/ha in yield of 
wheat), the cost of buying, trans-
porting and spreading gypsum at 
the necessary rate of 5 tonnes/ 
hectare is uneconomic. With bulk 
good quality agricultural gypsum at 
about $6 per tonne at the works 
the cost of gypsum at 5 t/ha could 
total $80-$ 100 per hectare. 
Soil sampling of trials in W.A. 
has shown significant differences in 
soil structure (in terms of aggrega-
tion and hardness) up to six years 
after application and experience in 
the Eastern States indicates that the 
beneficial effects of gypsum on soil 
structure can last up to 10 years 
(Sims and Rooney, 1965). Thus 
$8-$ 10 per hectare per year could 
be the present cost of treating land 
in the wheatbelt with gypsum, al-
though the total cost must be borne 
in the first year. 
Obviously, if local deposits of 
gypsum are available costs could be 
reduced dramatically. By compari-
son, in South Australia, Matheson 
(1969) quoted the cost of contract 
carting and spreading 5 tonnes of 
gypsum per hectare at $15-$25. 
The cost to Victorian farmers was 
$21 per hectare to spread gypsum 
at equivalent rates, assuming a 20-
mile cartage trip (Sims and Rooney, 
1965). 
Despite uneconomic responses to 
gypsum, there are situations where 
the use of gypsum could make the 
difference between having and not 
having a crop at all. These circum-
stances arise where gypsum causes 
improved trafficability and better 
cultivation under wet conditions at 
seeding time. 
Benefits of this magnitude have 
not been encountered experimental-
ly, but it is quite probable that they 
would occur in some seasons on 
hard-setting soils in valley floors, 
that is, in flood- or waterlogging-
prone situations. In those cases 
where farmers have local cheap 
sources of gypsum, treatment of 
troublesome soils could prove 
economic. 
However, in general, the use of 
gypsum cannot be recommended as 
an economic procedure for improv-
ing yields on most agricultural soils 
showing physical deterioration. 
EFFECT OF ROTATIONS 
AND STOCKING ON 
SOIL STRUCTURE 
To follow the effects of various crop 
and pasture rotations on soil struc-
ture, soil samples were collected 
annually from several long-term 
rotation experiments. 
Wongan Hills (light land) 
Since 1960, soil samples (0-7.5 cm) 
have been taken from an experi-
ment on Wongan Hills Research 
Station which involves four rota-
tions. These are sub. clover leys 
of 2, 3, 5 and 7 years' duration, 
each followed by four successive 
wheat crops. All plots were first 
sampled just before clearing. The 
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Fig. 2.—Changes in water stable aggregation of soil (0-7.5 cm) under differing 
rotations since clearing—Wongan loamy sand 
soil type is Wongan loamy sand, a 
lateritic podsol. 
Figure 2 (below) shows the 
effect of these rotations on water 
stable aggregation of the soil, based 
on all results obtained to date. 
These results indicate the high 
level of aggregation maintained 
under pasture, the relatively low 
level of aggregation produced by 
cultivation and cropping, and the 
rapid increase in aggregation in the 
second pasture cycle after four years 
of cropping. 
These results do not relate the 
levels of water stable aggregation to 
plant growth. In fact, on a sandy 
soil such as this soil structure 
changes would not be expected to 
have a significant influence on crop 
or pasture yields. However, it is 
possible that deterioration of the 
structural stability of the surface 
soil could lead to reduced water 
infiltration, causing increased water 
runoff and consequent soil erosion. 
In 1970, measurements of infil-
tration were made on several plots, 
using a sprinkling infiltrometer. 
Simulated rainfall was applied at the 
rate of 48 mm per hour and infiltra-
tion rates were calculated on the 
amount of water entering the soil in 
the first 30 minutes from the start 
of "rain". Results are presented in 
Tab!e 2. 
These measurements are mainly 
unreplicated, but tend to support 
the hypothesis that the better struc-
tured, longer term pasture soils 
have better infiltration rates, and 
that this benefit extends into the 
first cropping years after pasture. 
Burdass (1968) reported observ-
ing more serious water erosion on 
multiple cropped paddocks in the 
Katanning District, and attributed 
this largely to destruction of soil 
structure by repeated cultivation. 
Merredin (heavy soil) 
In 1961, an experiment was started 
at Merredin Research Station to 
follow changes in soil structure 
under continuous pasture for vary-
ing numbers of years. The soil type 
is Merredin loam. 
In 1966, after five years of barrel 
medic-Wimmera rye grass pasture, 
a third of each plot was cropped 
to wheat while the balance of each 
plot continued under a further year 
of pasture. In 1967 a further third 
of the plots was brought under crop, 
and in 1968 all the plots were under 
crop. In 1969, the whole experi-
mental area was again sown to crop. 
Soil structure tests indicated that 
water stable aggregation continued 
to improve throughout seven years 
of undisturbed pasture, but was 
rapidly reduced to a low level by 
even one year of cultivation and 
cropping (Figure 3). 
Effects of grazing 
As part of the same trial at Mer-
redin Research Station, treatments 
w.re arranged so that all pasture 
plots were grazed while the soil was 
quite dry, and subsequently half the 
plots received intensive grazing in 
winter for short periods while the 
soil was wet. The aim was to see 
if soil structure tests could demon-
strate changes in the physical con-
dition of the soil due to treading 
by sheep while the soil was wet. 
Figure 4 illustrates the water 
stable aggregation results for win-
ter-grazed versus non-winter-grazed 
surface soils (0-5 cm). 
The results demonstrate that 
treading of wet soil by sheep can 
have adverse effects on soil struc-
ture. 
Information has also been ob-
tained on the effects of differing 
rates of set stocking on soil struc-
ture. Results from an experiment 
sampled in 1968 after five years 
Table 2.—Effect of rotations on infiltration rate 
Stage of rotat ion Infi ltration rate (cm/hour ) * 
Third year sub. clover pasture 
Fourth year sub. clover pasture 
Fifth year sub. clover pasture 
Sixth year sub. clover pasture 
Seventh year sub. clover pasture 
First wheat crop after t w o years sub. clover 
First wheat crop after three years sub. clover 
First wheat crop after five years sub. clover 
First wheat crop after seven years sub. clover 
Second wheat crop after five years sub. clover 
Second wheat crop after seven years sub. clover 
* Each value is either a single result, o r the mean of two results. 
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10-2 
9-4 
10 6 
10 2 
12-8 
1 1 0 
12-4 
14-2 
13 8 
12-8 
12 8 
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Fig. 3.—Changes in water stable aggregation of surface soil (0-5 em) under 
pasture and crop—Merredin loam. (Each point is the mean of 7 2 samples.) 
Not grazed when soil wet 
4 0 -
S> 30 
S 
20 
Grazed when soil wet 
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Years 
Fig. 4.—Effect of sheep treading wet soil on water stable aggregation. (Each 
point is the mean of 36 samples.) 
Table 3.—Effect of stocking rate on soil structure—Coorow 
Stocking rate 
sheep/hectare 
Water stable 
aggregates 
% > 2 mm 
Aggregate 
bulk density 
gcc l 
% Dispersion 
2-4 
4 0 
5-3 
36-8 
26 9 
20-2 
I 69 
I 76 
I 75 
Statistical significance Not significant Not significant 
61-2 
57 3 
50-9 
LSD 0-05 
= 5-52 
Table 4.—Effect of stocking rate on soil structure—Lake Grace 
Stocking rate 
(sheep/hectare) 
Water stable aggregates 
(% > 2 mm) 
3-7 
4 9 
3 5 0 
31-9 
% Dispersion 
38-2 
50-2 
Statistical significance Not significant Significant at 0-05 level 
continuous set stocking of a barrel 
medic-barley grass pasture, near 
Coorow, are given in Table 3. 
Similar differences in soil struc-
ture stability were obtained from a 
trial at Lake Grace, sampled in its 
third year of set stocking. (Table 
4). 
Chemical "cultivation" 
Another interest is the recendy 
developed "sprayseed" technique, 
whereby chemical sprays are used 
instead of cultivation to control 
weed growth and cropping is 
achieved with minimum cultivation. 
A likely benefit of the "sprayseed" 
system is reduced damage to soil 
structure. 
Surface soil samples (0-5 cm 
depth) were collected from a 
"sprayseed" experiment, organised 
by I.C.I. (Aust.) on a red-brown 
sandy loam near Trayning. Three 
treatments were selected for sam-
pling—(a) pasture, (b) convention-
al wheat cultivation and (c) "spray-
seed" cultivation. Results for water 
stable aggregates greater than 2 mm 
(% W.S.A.) are shown in Table 5. 
The conventional treatment was 
in crop for the seventh successive 
year, using normal cultivation and 
seeding machines and techniques. 
The "sprayseed" plots were seeded 
using the sprayseed technique in 
1971 and in 1972, but for the pre-
vious five years had been cropped 
annually by conventional methods. 
The pasture plots sampled were 
first year pasture, following six suc-
cessive years of cropping, sown by 
a direct seeding technique with a 
triple disc drill. 
Soil samples (0-5 cm) were also 
collected from Department of Agri-
culture "sprayseed" experiments on 
the Wongan Hills and Merredin Re-
search Stations. The samples were 
collected from two treatments only 
—"normal cultivation" and "spray-
seed". Results of tests for water 
stable aggregation are set out in 
Table 5. 
The figures support those from 
the sprayseed experiment at Tray-
ning. Clearly it is necessary to 
determine if these soil structure 
changes have significance in terms 
of plant yields or reduced liability 
to erosion. 
213 
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Table 5.—Effect of "sprayseed" crop 
preparation on soil structure 
Treatment 
a. Trayning 
Normal cultivation 
" Sprayseed " 
Pasture 
Water stable 
aggregates 
% > 2 mm 
1 0 
3 4 
4-6 
LSD 0 0 5 2-59 
b. Wongon Hills 
Normal cultivation 
" Sprayseed " 
46-4 
61 -2 
not significant 
c. Merredin 
Normal cultivation 
" Sprayseed " 
5-3 
8-2 
LSD 0 0 1 = 2 0 1 
Speed of cultivation 
Changes in soil structure related tc 
speed of cultivation and type of 
machine were investigated in 1965 
by soil sampling a trial on clover 
ley land at Wongan Hills Research 
Station. 
The trial began in 1963 and for 
three years wheat crops were grown 
under cultivation treatments com-
paring the scarifier and disc plough 
(narrow set and broad set), speeds 
of cultivation and speeds of seed-
ing. The soil was a loamy sand 
overlying clay and had not been 
cropped for five years. Soil sam-
pling compared the scarifier and 
broad set disc plough at the slowest 
and fastest combination of speeds. 
Table 6 shows the results for 
water stable aggregation, aggregate 
bulk density and organic carbon. 
These structure measurements 
show that the scarifier is less dam-
aging to soil structure than the disc 
plough. For each machine, the re-
sults obtained do not show signifi-
cant differences due to speed of 
operation, even though values for 
water stable aggregation and or-
ganic carbon content tend to be 
lower for the higher speeds. 
Wheat yields were obtained from 
this trial, but the only apparent 
relationship between soil structure 
and yield was that the poorer the 
soil structure the better the yield. 
The explanation appears to be that 
the disc plough gave better weed 
control than the scarifier. The 
agronomic aspects of this trial have 
been discussed fully by Fisher 
(1966). 
In the mid-1960's several at-
tempts were made to measure the 
effects of different speeds of culti-
vation on soil structure and subse-
quent crop yields. Experiments on 
a much-cropped Merredin loam at 
Merredin Research Station in 1965, 
1966 and 1967 failed to produce 
measurable differences in soil struc-
ture or crop yield, using speed of 
cultivation treatments between 3.2 
Table 6.—Effects of implements and speed of cultivation on soil structure 
and organic carbon content 
Treatment 
Scarifier 3-2 k m / h , combine 6-4 k m / h 
Disc plough 3-2 k m / h , combine 6-4 km/h 
Scarifier 9-6 km/h , combine 9-6 k m / h 
Disc plough 9-6 k m / h , combine 9-6 k m / h 
Water stable Aggregate Organic 
aggregates bulk density carbon 
(% > 2 mm) 
26-0 
13-7 
19 6 
9 8 
LSD 0 05 
= 9 1 
g/cc 
I 59 
I 66 
I 59 
I 62 
/o 
0-87 
0-72 
0-76 
0-62 
LSD 0 05 
= 0 0 6 
LSD 0-01 
= 0 1 5 
km/hr and 9.6 to 12.8 km/hr for 
the initial cultivation and seeding. 
SUMMARY 
The general picture that has 
emerged is— 
(i) that soil structure (as meas-
ured mainly in terms of 
water stable aggregation) is 
improved by continuing 
periods under pasture (at 
least up to seven years); 
(ii) the normal cultivation pro-
cedures involved in cereal 
cropping produce a rapid 
deterioration in soil struc-
ture; 
(iii) the "sprayseed" technique of 
minimum cultivation prob-
ably reduces soil structure 
deterioration during the 
cropping preparation phase; 
(iv) data relating soil structure 
measurements to plant pro-
duction are lacking but some 
evidence points to increased 
runoff on poorly structured 
soils; 
(v) the presence of grazing 
animals on wet soil adverse-
ly affects soil structure and 
on setstocked pasture pad-
docks surface soil structure 
is poorer under high stock-
ing rates than under low 
stocking rates. 
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